Introduction
Recently, a continued interest in the synthesis and properties of nanoscale inorganic materials has been observed. Semiconductor nanocrystals have been of much interest over two decades because of their unique physical properties resulting from modification of the electronic states due to the confinement effect. Currently, nanostructures made of ZnO have attracted significant attention owing to their proposed applications in low-voltage and short-wavelength electro-optical devices, transparent ultraviolet protection films, and spintronic devices [1, 2] .
A considerable attention has recently been devoted to high temperature ferromagnetism observed in transition metal doped oxides. Particularly ZnO has been identified as a promising host semiconductor material, exhibiting ferromag-netism when doped with most of the transition metals -V, Cr, Fe, Co, Ni [3] . However, the origin of ferromagnetic behavior is not very well known in these compounds. Recently, it was shown that the ferromagnetism in these materials can be induced by inclusions of nanoscale oxides of transition metals [4] and/or nanoparticles containing a large concentration of magnetic ions [5] . Novel methods enabling a control of nanoassembling of magnetic nanocrystals in nonconducting matrices as well as functionalities specific to such systems were described [5] .
The samples were synthesized with the use of the wet chemical method. First, the mixture of iron and zinc hydroxides was obtained by addition of an ammonia solution to the 20% solution of proper amount of Zn(NO 3 )·6H 2 O and Fe(NO 3 )·4H 2 O in water. Next, the obtained hydroxides were filtered, dried and calcined at 300
• C during one hour. A series of samples containing from 5 to 95% of Fe 2 O 3 was obtained. The phase composition of the samples was determined by X-ray diffraction (XRD) (Co K α radiation, X'Pert Philips). The crystalline phases of hexagonal ZnO, rhombohedric Fe 2 O 3 and cubic ZnFe 2 O 4 were identified as presented in [6] .
XRD data allowed to determine a mean crystallite size in prepared samples with the use of Scherrer's formula [7] . The mean crystalline size a of these phases are given in Table 1 in Ref. [6] .
In this work we present investigation of two samples. 
Results and discussion
The micro-Raman spectra were taken in the backscattering configuration and analyzed using Jobin Yvon T64000 spectrometer, equipped with nitrogen cooled charge-coupled-device detector. As excitation source we used the 514.5 nm line of an Ar-iron laser. The measurements were performed at different laser power.
In Fig. 1 We will start analysis of spectrum in Fig. 1 with brief report about structure and vibrational properties of potentially present materials in sample. Vibrational properties of bulk material are crucial for understanding vibrational properties of small particles. As consequence of miniaturization, we expect bulk modes to be shifted and broadened.
Basic material in this research is ZnO. ZnO is a semiconductor with a wurtzite crystal structure. This hexagonal structure belongs to the space group C 4 6v , with two formula units per primitive cell, where all atoms occupy C 3v sites. The optical phonons at the center of the Brillouin zone belong to the following irreducible representations: Γ opt = A 1 + 2B 1 + E 1 + 2E 2 . Modes of symmetry A 1 , E 1 and E 2 are Raman active, and A 1 and E 1 are infrared active. B 1 are inactive (silent) modes. Both A 1 and E 1 are polar modes and split into transverse (TO) and longitudinal (LO) phonons with different frequencies due to macroscopic electric fields associated with the LO phonons. The short-range interatomic forces cause anisotropy. That is why A 1 and E 1 modes have different frequencies. As the electrostatic forces dominate the anisotropy in the short-range forces, the TO-LO splitting is larger than the A 1 -E 1 splitting. For the lattice vibration A 1 atoms move parallel to the c-axis and for E 1 perpendicular to c-axis. Two nonpolar Raman active modes, are often assigned as E (high). All these modes have been reported in the Raman scattering spectra of bulk ZnO many times [8, 9] . Frequencies and assignation of the Raman active modes in ZnO are presented in the bottom of Fig. 1b and 246 cm −1 are weak. In ZnFe 2 O 4 nanoparticles these modes are wider and contribute to high level of spectral curve.
In Fig. 2 Fig. 2c [11] [12] [13] . In addition to these first order Raman spectra there is a very prominent peak at ≈ 1320 cm −1 . LO phonon situated at ≈ 660 cm −1 is Raman forbidden. It can be activated, and become there is a superposition of ZnO phase and Fe 2 O 3 nanoparticles spectrum. Difference of spectra in Fig. 1 and Fig. 2 , in region below 400 cm −1 is a consequence of presence of ZnFe 2 O 4 ( Fig. 1) or Fe 2 O 3 (Fig. 2) nanoparticles.
We present Raman spectra to be more sensitive to material composition than XRD measurements. On the basis of these data we cannot exclude possibility that both samples contain some other phases that are not included in this analysis.
Conclusion
Small amount (5 wt.%) of Fe 2 O 3 at the beginning of the synthesis results in forming of ZnFe 2 O 4 nanoparticles. Large amount (90 wt.%) of Fe 2 O 3 at the beginning of the synthesis results in forming of Fe 2 O 3 nanoparticles. Both samples also contain ZnO phase which is not registered by XRD, but is clearly seen in the Raman spectra.
